Takotsubo cardiomyopathy is a disorder characterized by left ventricular apical ballooning and electrocardiographic changes in the absence of coronary artery disease. While reversible in many cases, the mechanism of this disorder remains unclear. The most frequent clinical symptoms of takotsubo cardiomyopathy on admission are chest pain and dyspnea, resembling acute myocardial infarction. Here, we describe two cases of takotsubo cardiomyopathy without chest pain or dyspnea in patients on maintenance hemodialysis. The asymptomatic nature of these two cases may be due to the patients being on hemodialysis. Periodic electrocardiograms (ECG) may be helpful in screening this population for asymptomatic takotsubo cardiomyopathy and in evaluating its incidence.
Introduction
Takotsubo cardiomyopathy, derived from the Japanese term for "octopus pot, " is an unusual form of acute cardiomyopathy showing left ventricular apical ballooning with a distinct neck, a shape that mimics traps used to catch octopus, and is often triggered by intense physical or emotional distress [1] . Although maintenance hemodialysis patients usually have either or both extra physical or emotional stress [2] , it is noteworthy that cases of takotsubo cardiomyopathy have been rarely reported previously in this population. We describe two cases of takotsubo cardiomyopathy in hemodialysis patients.
Case Reports

Case 1.
A 63-year-old female on maintenance hemodialysis was admitted to our hospital for an initial generalized tonic seizure suffered at home. Just after admission, a second generalized tonic seizure was observed. During the seizure, conjugate eye deviation toward the upper left was noted. On admission, her pulse rate was 92 beats/min, blood pressure 134/92 mm Hg, and body temperature 36.5 ∘ C. Neither abnormal heart sounds nor rales were noted on auscultation. Brain computed tomography (CT) and magnetic resonance imaging (MRI) showed no mass lesion, hemorrhage, or infarction (Figures 1(a) and 1(b)). Electroencephalography showed repetition of intermittent high-amplitude irregular slow waves in the right frontal lobe (Figure 1(c) ). Based on these findings, the patient was diagnosed with generalized partial seizures. After administration of phenytoin sodium, the seizures resolved, and neurological findings normalized. According to her medical record, she had no history of diabetes mellitus or coronary artery disease, nor any family history of coronary artery disease. She had been stable on maintenance hemodialysis for 32 years, and the appropriate dry weight was maintained. Kt/V (urea) was 1.48. Her administration had included fentanyl patch, etizolam, rabeprazole sodium, celecoxib, lactomin, camostat mesilate, tocopherol nicotinate, acetaminophen, and mecobalamin. On admission, electrocardiogram (ECG) was normal. On the second hospital day, ECG showed inverted T waves and QT prolongation in all leads without chest pain, dyspnea, or any other cardiac symptoms. Neurological findings were normal. Blood test findings were as follows: creatinine, 6 .46 mg/dL; blood urea nitrogen, 55 mg/dL; sodium, On the third hospital day, the patient underwent cardiac catheterization. While coronary angiography showed normal coronary arteries, left ventriculography showed extensive severe hypokinesis in the anteroseptal and apical segments with hyperkinesis in the basal segments ( Figure 2 ). Based on these findings, the patient was diagnosed with takotsubo cardiomyopathy.
We followed with serial ECG monitoring for several weeks. Her clinical course of takotsubo cardiomyopathy was uneventful and seizure had not been seen. After two months, Case Reports in Nephrology left ventricular apical wall motion abnormalities on echocardiography had reversed, and the inverted T waves and QT prolongation on ECG had also resolved ( Figure 3 ).
Case 2.
A 59-year-old female on maintenance hemodialysis visited the hemodialysis clinic for fatigue. The patient had had glomerulonephritis and had been on hemodialysis for 12 years. She had no history of diabetes mellitus or coronary artery disease, nor any family history of coronary artery disease. She had been charged with caring for her daughter with an acute illness two days prior to admission. Routine ECG showed giant inverted T waves in leads V1-V5, and blood tests revealed a creatinine level of 8.04 mg/dL, blood urea nitrogen of 32 mg/dL, sodium of 140 mEq/L, potassium of 4.4 mEq/L hemoglobin of 10.2 g/dL, aspartate aminotransferase of 29 IU/L, alanine aminotransferase of 18 IU/L, creatine kinase level of 129 IU/L, and cardiac troponin I level of 0.107 ng/mL (normal range: 0.00-0.10 ng/mL). The patient was referred to our hospital because of the ECG abnormalities; she had no complaints of chest pain or dyspnea. On admission to our hospital, her pulse rate was 82 beats/min, blood pressure 134/80 mm Hg, and body temperature 36.9 ∘ C. She was alert; the bulbar conjunctivae were not icteric, and the palpebral conjunctivae were not pale. Normal respiratory and heart sounds were noted on auscultation. Neurological findings were also normal. Abdominal ultrasonography did not show any abnormal findings. According to her medical records, she had been quite stable on maintenance hemodialysis, and an appropriate dry weight had been maintained. Kt/V (urea) was 1.38. Her administration had included lanthanum carbonate hydrate, 
Discussion
We described two cases of takotsubo cardiomyopathy in patients without any cardiac disease-associated symptom on maintenance hemodialysis. Takotsubo cardiomyopathy has been characterized by left ventricular apical ballooning, electrocardiographic changes without coronary artery disease, and improvement within weeks in most cases [1] . In 2004, researchers at the Mayo Clinic proposed the following diagnostic criteria, which were subsequently modified in 2008: transient hypokinesis, akinesis, or dyskinesis in the left ventricular mid segments with or without apical involvement; regional wall motion abnormalities that extend beyond a single epicardial vascular distribution; presence of a stressful trigger in most (but not all) cases; absence of obstructive coronary disease or angiographic evidence of acute plaque rupture; new ECG abnormalities (ST-segment elevation and/ or T-wave inversion); modest elevation in cardiac troponin; and absence of pheochromocytoma or myocarditis [3] . While the exact pathophysiological basis of the distinctive contractile pattern in takotsubo cardiomyopathy remains to be elucidated, several suspected mechanisms have been reported so far [4] , one of which is catecholamine cardiotoxicity [5] . High plasma catecholamine levels in patients with pheochromocytoma are well known to induce reversible cardiomyopathy [6] , and plasma levels of both epinephrine and norepinephrine are markedly increased at the onset of takotsubo cardiomyopathy. Wittstein et al. suggested that markedly elevated catecholamine levels might be the main pathogenetic factor [7] . It is reported that sympathetic nervous system activity is inappropriately increased in hemodialysis patients [8, 9] . Long-term maintenance hemodialysis patients may be predisposed to catecholamine cardiotoxicity developing takotsubo cardiomyopathy. Several recent reports have suggested that takotsubo cardiomyopathy is directly or indirectly linked with an inappropriate release of antidiuretic hormone (ADH) [10] . Indeed, seizures, solid tumors such as lymphoma and metastatic neoplasms, asthma, SSRIs, carbamazepine, and NSAIDs are all known causes of an inappropriate release of ADH, and all have been previously reported as triggers of takotsubo cardiomyopathy [11] [12] [13] [14] [15] [16] . In chronic hemodialysis patients, plasma ADH levels are significantly higher than those in normal subjects [17, 18] . We did not measure the plasma catecholamine levels and ADH levels in the present cases at the onset of takotsubo cardiomyopathy and have no evidence regarding the causal relationship between takotsubo cardiomyopathy and high ADH level. However, it seemed sensible to assume that high ADH level in addition to catecholamine level might develop serious cardiotoxicity such as takotsubo cardiomyopathy on maintenance hemodialysis. Further study should be required.
Patients on maintenance hemodialysis have a well-known increased risk of cardiovascular morbidity and mortality, usually from coronary artery disease [19] . On the other hand, in epidemiologic studies, some cases of acute renal failure were reported; however, only three cases of takotsubo cardiomyopathy in maintenance hemodialysis patients have been described so far [1, 7, [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] . We list the known cases of takotsubo cardiomyopathy in patients on maintenance hemodialysis in Table 1 [27] [28] [29] . Factors as a trigger for takotsubo cardiomyopathy are various. In our cases, they included new-onset seizures and reaction to a family member's acute illness. A number of complications associated with maintenance hemodialysis, such as infection, cardiovascular dysfunction, cerebrovascular accident, and as, is our cases, epileptic seizure and excessive worry about illness, could also be the trigger onset of takotsubo cardiomyopathy [1, 30] . Most cases reported so far have been in middle-aged females on long-term dialysis, with glomerulonephritis as the cause of renal failure. The relationship between glomerulonephritis and takotsubo cardiomyopathy has not been clarified. Further experience is needed. Hemodialysis is associated with cardiovascular dysfunction, anemia, malnutrition, muscle wasting, muscle weakness, neuropathy, glucose intolerance, Case Reports in Nephrology and reduced bone density [31] . As a consequence, hemodialysis impairs quality of life (QOL) [32] , and hemodialysis patients are under physical or emotional stress [2] . It has been found that about 50% of hemodialysis patients suffer from depression. The major factors for depression in hemodialysis patients include female gender and longer time on dialysis [33] . Takotsubo cardiomyopathy occurs predominantly in postmenopausal women after exposure to emotional or physical stress. From the point of view that postmenopausal women after exposure to emotional or physical stress are likely to develop takotsubo cardiomyopathy, we should pay considerable attention to middle-aged long-term hemodialysis women.
As mentioned above, takotsubo cardiomyopathy on maintenance hemodialysis is rarely reported. While the most frequent clinical symptoms of takotsubo cardiomyopathy on admission are chest pain and dyspnea, resembling acute myocardial infarction [4, 34] , the two patients described here had no complaints of severe chest pain, chest discomfort, or dyspnea and were instead diagnosed based on ST-segment abnormalities by ECG recordings. As such, if electrocardiographic monitoring had not been performed while they were in hospital, the cardiomyopathy may have been missed. Our cases indicate that takotsubo cardiomyopathy in maintenance hemodialysis patients may develop with fewer symptoms. It is a very important clinical problem and should be clarified in the future whether many takotsubo cardiomyopathy cases who have renal failure on maintenance hemodialysis may be overlooked or not. We suggest that ECG monitoring should be performed at the time of acute events associated with hemodialysis in patients even if they have no cardiac symptoms. The prognosis of patients with takotsubo cardiomyopathy is generally favorable; however, complications occur in about 20% of cases, and a case of left ventricular free wall rupture and death associated with takotsubo cardiomyopathy has been reported [11, 35, 36] . We should close-observe patients for several weeks.
Our observations in these two cases suggest that takotsubo cardiomyopathy in hemodialysis patients can be asymptomatic and may be underdiagnosed. Further investigation is needed to assess the incidence and possible prevention of takotsubo cardiomyopathy in hemodialysis patients.
